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Abstract. The western Amazonian treefrog Dendropsophus bifurcus (Andersson, 1945 ) is not as widespread as previously 
thought. Specimens from Bolivia and southern Peru, previously assigned to that species, are distinct and differ in calls, 
colouration and behaviour. The new species described here can be most easily distinguished from D. bifurcus from the 
northwestern part of the Amazon Basin in Colombia, Ecuador and northern Peru by its tibial colour pattern, and from 
the sympatric D. leucophyllatus by adult size and ventral colouration. Molecular data ( 12 S and 16 S rRNA) indicate that this 
Amazonian species is not even closely related to the Amazonian D. bifurcus, but has its closest relative, D. elegans, in the 
Atlantic Forest region of southeastern Brazil. Dendropsophus bifurcus appears to be only one of various species believed to 
be widespread in Amazonia, but actually consisting of groups of cryptic species that may not even, as in D. bifurcus and the 
new species, be closely related. We also discuss the inclusion of D. anceps in the D. leucophyllatus species group. 

Key words. Bolivia, Brazil, Dendropsophus bifurcus, Dendropsophus leucophyllatus group, Dendropsophus salli sp. n., mo¬ 
lecular genetics, Peru, vocalizations. 


Introduction 

Small Neotropical treefrogs with 30 chromosomes and 
usually less than 40 mm in snout-to-vent length are wide¬ 
spread, especially in the lowlands of Amazonia, the Guiana 
Shield, the Atlantic Forest and Central America. They were 
formerly all placed in the genus Hyla Laurenti, 1768, 
and associated with six species groups, i.e., the Hyla Co¬ 
lumbiana, H. leucophyllata, H. microcephala, H. minima, 
H. minuta, and H. parviceps groups (Cochran & Coin 
1970, Duellman 1974, 1982, 2001, Duellman & Crump 
1974, Duellman & Fouquette 1968, Duellman & Trueb 
1983). Several species were only tentatively placed within 
one of these groups or remained unallocated (e.g. Kaplan 
1994). Faivovich et al. (2005) transferred them all to the 
genus Dendropsophus Fitzinger, and, based mostly on 
DNA sequence data, recognized nine species groups, but 
still left several species unassigned. 

Among the most easily recognizable frogs as a phenetic 
group are those of the leaf-gluing treefrogs, the Dendrop¬ 
sophus leucophyllatus group, because they share a number 
of conspicuous characters, especially a wide body, bold 
dorsal colouration (light markings on dark ground or vice 
versa), a well-developed axillary membrane, flesh-coloured 
thighs, a reproductive mode of gluing their eggs onto leaves 
or twigs above the surface of a more or less stagnant body 
of water, and hatching tadpoles that drop into the water 
below This mode of reproduction (Type E18 of Duellman 
& Trueb 1986) has been used to coin the name “leaf glu- 


ers” (German: Laubkleber) as early as in 1892 (Boettger & 
Pechuel-Loesche 1892). Furthermore, the tadpoles have 
violin-shaped bodies, in most cases one row of papillae on 
the posterior labium, and no labial tooth rows (Duellman 
2001, Duellman & Trueb 1983, Gomes & Peixoto 1991). 
Currently, the group is comprised of eight species: Den¬ 
dropsophus bifurcus (Andersson, 1945), from the west¬ 
ern Amazon Basin of Colombia to Bolivia, D. ebraccatus 
(Cope, 1874), from Central America and western Colom¬ 
bia, D. elegans (Wied, 1824), from southeastern Brazil, D. 
leucophyllatus (Beireis, 1873), from the Guyanas and the 
Amazon Basin, Dendropsophus rossalleni (Coin, 1957), 
from central and western Amazonia, and D. sarayacuensis 
(Shreve, 1935) and D. triangulum (Gunther, 1869), both 
from western Amazonia (Frost 2009). Faivovich et al. 
(2005) added another species from southeastern Brazil, 
Dendropsophus anceps (A. Lutz, 1929), which lacks almost 
all the mentioned morphological characters shared by the 
other members of the group. 

While the frogs of the D. leucophyllatus group can be 
recognized morphologically as such fairly easily (with the 
one exception mentioned), some have proven difficult to 
assign to a certain species, because they are polymorphic 
with respect to their colour patterns. Thus, D. triangulum 
was described as a new species four times subsequent to its 
first description in 1869 (Duellman 1974), because differ¬ 
ent colour morphs were thought to be new species. Den¬ 
dropsophus elegans was considered a synonym of D. leu¬ 
cophyllatus for more than a century (Caramaschi & Jim 
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1982), and a frog described as Hyla favosa Cope, 1886 was 
shown to be merely a colour variant of D. leucophyllatus 
(Titus et al. 1989). Chek et al. (2001) provided molecular 
evidence that D. leucophyllatus (as Hyla leucophyllata) is a 
composite of more than one species, when they found that 
some populations of D. leucophyllatus were more closely 
related to D. triangulum than to other populations of D. 
leucophyllatus. 

Two similar species, D. bifurcus, originally described 
from the Rio Pastaza, Ecuador, and D. leucophyllatus, with 
“Surinam” as its type locality, occur sympatrically in parts 
of the western Amazon Basin from Colombia to Bolivia. 
Duellman (1974) distinguished D. bifurcus from north¬ 
ern Peru and Ecuador from D. leucophyllatus by its smaller 
size and tibial colouration. In D. bifurcus the tibia is tan 
except for a light (during the day) fleck on the heel. In D. 
leucophyllatus there are usually two light flecks (sometimes 
fused) on the tibia. 

In the Bolivian departments of Pando, Beni and Santa 
Cruz, frogs were collected that frequently lived in sympa- 
try with D. leucophyllatus and were repeatedly assigned to 
D. bifurcus because of their smaller size (e.g., de la Riva 
1990), although they did not have one, but several large 
light flecks on the tibia. The different colouration and some 
behavioural inconsistencies between northern and south¬ 
ern populations observed by us (see Discussion) led us to 
investigate the possibility that these frogs did not represent 
southern morphs of D. bifurcus, but a distinct species. Sur¬ 
prisingly, it did not only prove to be a distinct species, but 
also that it is not even closely related to the other Amazo¬ 
nian species. 

Materials and methods 

Morphology 

Measurements of frogs were taken with callipers or, if less 
than 5 mm, with the ocular micrometer of a dissecting mi¬ 
croscope. Morphological terminology follows Duellman 
(2001). We use the webbing formula established by Sa¬ 
vage & Heyer (1967), as modified by Myers & Duellman 
(1982). Abbreviations are as follows: ED: eye diameter; EN: 
distance from eye to naris; ED: diameter of finger disc on 
Einger III; EL: foot length from the tibiotarsal articulation 
to the tip of Toe IV; HL: head length; HW: head width; IN: 
internarial distance; SVL: snout-to-vent length; TD: tym¬ 
panum diameter; TE: distance between tympanum and 
eye; TL: tibia length. Museum abbreviations are as follows: 
MNK-A: Museo de Historia Natural Noel Kempff Merca¬ 
do (Amphibian Collection), Santa Cruz de la Sierra, Bo¬ 
livia; SMNS: Staatliches Museum fur Naturkunde, Stutt¬ 
gart, Germany; ZEMK: Zoologisches Eorschungsmuseum 
Alexander Koenig, Bonn, Germany. 

Bioacoustics 

Calls were recorded using a Sony WM D6C cassette re¬ 
corder and a Sennheiser Me-66 directional microphone. 
They were analysed with Cool Edit 2000 software, and dig¬ 
italised at 22500 Hz. Erequency information was obtained 
through East Eourier Transform (EET) at 1024 points win¬ 


dow width. A window width of EET 256 was used for the 
production of spectrograms. Terminology in call descrip¬ 
tions follows Heyer et al. (1990). 

Molecular genetics 

Total genomic DNA from tissue samples (preserved in 99% 
ethanol) of Dendropsophus bifurcus specimens sampled in 
Ecuador (near Jatun Sacha Biological Station, Ecuador) and 
Bolivia (sampled on Rio Chevejecure, Bolivia, 14°52’58”S, 
65°57’59”W) were isolated by phenol/chloroform extrac¬ 
tion according to Blin & Stafford (1976) and stored at 
4°C. GenBank sequences of the following treefrogs were 
added to the data set (accession numbers in parentheses): 
Dendropsophus marmoratus (AE308082, AE308114), Den¬ 
dropsophus minutus (AE308081, AE308112), Dendropsophus 
anceps (AY843597), Dendropsophus bifurcus (AE308073, 
AE308098), Dendropsophus sarayacuensis (AE308076, 
AE308104), Dendropsophus triangulum (AY326053), Den¬ 
dropsophus leucophyllatus (AE308072, AE308097), Den¬ 
dropsophus ebraccatus (AE308074, Af3o8ioi), and Den¬ 
dropsophus elegans (AE308075, AE308103). See also sup¬ 
porting information Si. 

Genomic DNA was amplified by a polymerase chain re¬ 
action (PCR), using universal primers specific for 12S- and 
16S rRNA mitochondrial genes (Palumbi 1996) named 
i2Sfor (AAACTGGGATTAGATACCCCACTAT) and 
i6Srev (CCGGTCTGAACTCAGATCACGT). PCR reac¬ 
tions were performed with a Taq Polymerase Kit (Quia- 
gen) in a Biozym PTC 200 cycler under the following con¬ 
ditions: 120 s at 92 °C predenaturation, 30 cycles consist¬ 
ing of 40 s at 92 °C denaturation, 60 s at primer specific 
annealing temperature, and 60 s per 1 kb at 72 °C elonga¬ 
tion. A fragment of approximately 2000 bp was amplified. 
Additionally, internal primers were designed to amplify 
smaller fragments in order to simplify the cloning and se¬ 
quencing process: i6Sfor (GAAAGATTAAAAGAAAAA- 
GAAGGAACTCG) and i6Srev2 (CGATGTTTTTGG- 
TAAACAGGC). The PCR fragments were purified by an 
agarose gel electrophoresis, ligated into pGEM-T vector 
system I (Promega), and electroporated into Escherichia 
coli TOP 10 cells (Invitrogen). DNA was isolated from posi¬ 
tive clones, using the QIAprep Spin Miniprep Kit (Qiagen). 
Three positive clones were sequenced on both strands for 
every primer set with universal primers using an automat¬ 
ed LI-COR DNA sequencer 4200. Nucleotide sequence 
data have been deposited at GenBank (Accession numbers: 
AY362975-AY362977). 

Computer-generated alignments were initially con¬ 
structed using Clustal X (vers. 1.81; Thompson et al. 1997). 
In a manual realignment, sequences were carefully adjusted 
to known secondary structure models of Lithobates cates- 
beianus (Nagae 1988) and Xenopus laevis (Gutell & Pox 
1988). Conformation and improvement of the alignment 
was followed by separation of rDNA sequences in loop and 
stem regions. To recognize and eliminate poorly alignable 
sequence parts for phylogenetic analyses, GBLOCKS soft¬ 
ware with default settings for rDNA alignments was ap¬ 
plied (Castresana 2000). See supporting information S2. 

Phylogenetic reconstructions were performed apply¬ 
ing three methods: maximum-parsimony (MP) and neigh- 
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bour-joining (NJ) included in PAUP (Swofford 2000) 
and maximum likelihood (ML) as implemented in TREE- 
PUZZLE (Schmidt et al. 2002) and PhyML (Guindon & 
Gascuel 2003). Heuristic parsimony analyses were per¬ 
formed with random taxon addition and tree bisection- 
reconnection (TBR) branch swapping. Neighbour-joining 
analyses were carried out with the optimal criterion set to 
distance (p-distances). The K2P model was used (equal 
base frequencies; unequal TS/TV). Maximum likelihood 
analyses were based on the HKY model (Hasegawa et al. 
1985) and the GTR model, using the discrete gamma dis¬ 
tribution (eight categories) for site heterogeneity (Yang et 
al. 1996) and by assuming that a certain fraction of sites are 
evolutionarily invariable (Tamura et al. 2007). Support of 
internal branches was determined either by bootstrap anal¬ 
yses (MP and NJ) based on 10000 replicates or by quar¬ 
tet puzzling support values based on 10000 puzzling steps 
(ML). 


Results 

Molecular data 

A mitochondrial region of 2000 nucleotides (approximate¬ 
ly 490 bp of 12S rRNA, 1420 bp of 16S rRNA, and 69 bp of 
tRNA-Valin) was sequenced for each of the species collect¬ 
ed for this study and combined with previously available 
data (Si). The totally sequenced region of the aligned data 
set corresponds to position 2509-4551 of the mitochondrial 
genome of X laevis. This rDNA alignment was separated 
in loop and stem regions, but also analysed as complete 
data set (S2). Based on the analyses of Chek et al. (2001), 
D. marmoratus and D. minutus are appropriate outgroup 
species to analyse phylogenetic relationships of the D. leu- 
cophyllatus group. Recently, D. anceps was proposed to be 
a member of the D. leucophyllatus group (Eaivovich et al. 
2005). However, this species consistently clustered with 
the two outgroup taxa and was therefore omitted from 
the phylogenetic data set. MP, NJ, and ML analyses of the 
complete data set produced the same topology (Eig. 7). The 
species from Bolivia known as D. bifurcus, which we are 
describing as a new species here, appears to be closely re¬ 
lated to D. elegans (bootstrap and puzzle values of 90 - 99% 
and not to be a sister group of D. bifurcus from Ecuador. 
Other relationships of the D. leucophyllatus group calcu¬ 
lated with the complete data set are similar to the 12S and 
16S rDNA analyses of Chek et al. (2001). The basal posi¬ 
tion of D. elegans and D. salli in the D. leucophyllatus group 
is supported by bootstrap and puzzle values of 94 - 96%. 
Branching patterns are far less resolved if stem regions are 
used for phylogenetic analyses. Only two clades are always 
confirmed by MP, NJ, and ML calculations based on rDNA 
stem sequences. Namely, the sister relationship between D. 
bifurcus sequenced by Chek et al. (2001) and D. bifurcus 
sequenced in this work, as well as the sister relationship 
between D. elegans and D. salli. If rDNA loop sequences 
are the underlying source for systematic analyses of the D. 
leucophyllatus group, branching patterns are nearly as re¬ 
solved as if the complete data set is used. The relative po¬ 
sition of D. bifurcus (in close relation to D. sarayacuensis) 
and D. salli (in close relation to D. elegans) was consist¬ 
ent across all analyses that were carried out with the rDNA 


loop data set. Thus, D. bifurcus and D. salli are clearly para- 
phyletic in our study. A high sequence divergence supports 
the observation that D. bifurcus and D. salli differentiated 
into two monophyletic lineages. We detected 336 nucle¬ 
otide substitutions when comparing the sequence of D. bi¬ 
furcus from Ecuador with the one of D. salli from Bolivia. 
This accounts for a sequence divergence of 16.9%. 

Systematics and bioacoustics 

Dendropsophus salli sp. n. 

(Eigs. 1 - 3 ) 

Hyla bifurca (non Andersson, 1945) - De la Riva 1990 

Hyla bifurca - Marquez et al. 1993 

Hyla bifurca - De la Riva et al. 2000 

Hyla bifurca - Moravec & Aparicio 2000 

Hyla bifurca - Reichle 2002, 2003 

Hyla bifurca - Moravec & Aparicio 2005 

Dendropsophus bifurcus - Faivovich et al. 2005 (partim) 

Dendropsophus bifurcus - Embert & Reichle 2008 

Dendropsophus bifurcus - Schulze et al. 2009 

Dendropsophus leucophyllatus - von May et al. 2010 

Holotype: MNK-A 8445 (Eig. 1), an adult male, collected 
about 7 km ESE of Rurrenabaque near the road to Yucu- 
mo (i4°26Ti”S, 67°29’35”W), 340 m a.s.l., Provincia Ballivi- 
an, Departamento Beni, Bolivia, by S. Reichle and K.-H. 
Jungfer on 29 December 2000. 

Paratypes: Thirteen specimens (Pig. 2), all from Bolivia: 
MNK-A 8446-8447 (adult males), MNK-A 8448 (subadult 
female), ZPMK 62828 (adult male) from Rio Chevejecure 
(i 4°52’58”S, 65°57’59”W), Departamento Beni, collected 
by S. Reichle and C. Cortez in January 1996; MNK-A 
6574-6576, ZPMK 88037-88038 (adult males) from about 
5 km ENE Palos Blancos, 452 m a.s.l., Departamento Beni 
(i 5‘'36T8”S, 67H2’36”W), collected by S. Reichle and D. 
Embert in March 2003; SMNS13165-13166 (adult females), 
SMNS 13167-13168 (adult males) from San Sebastian/Tah- 
uamanu, Departamento Pando (ii°24’26”S, 69°oi’o4”W), 
collected by S. Reichle, M. Guerrero and G. Calderon 
in November 1999. 

Diagnosis: A small species in the Dendropsophus leucophyl¬ 
latus group with the following characters: (1) Males attain¬ 
ing 30.1 mm SVL, and females 32.5 mm SVL. De la Riva 
(1993, as Hyla bifurca) noted 37 mm SVL as the maximum 



Figure 1. Dorsal (a) and ventral (b) views of the preserved male 
holotype of Dendropsophus salli sp. n. (MNK-A 8445). 
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size of females. (2) Axillary membrane reaching halfway 
to elbow. (3) Palmar tubercle single. (4) Pectoral patches 
moderate. (5) Dorsal light markings consisting of a trian¬ 
gular head blotch connected to broad dorsolateral bands 
along the anterior two thirds of body; light sacral blotch 
discrete. (6) Light elbow blotch present. (7) Light knee, 
mid-shank and heel blotches present. (8) Webbing yellow 
or orange, venter yellow in life, lacking red colouration. (9) 
Advertisement call consisting of two notes, the first one 
with a duration of 71.4 ms on average, the second one with 
10.6 ms on average, both distinctly pulsed with 16-23, and 
1-3 pulses, respectively. 

Comparisons: Dendropsophus salli sp. n. differs from all 
other Bolivian hylid frogs except D. leucophyllatus and D. 
sarayacuensis by the presence of large light blotches on 
the dorsal surfaces of the head, dorsum, lower arms, and 
shank. Other frogs in the D. leucophyllatus group east of 
the Andes can be distinguished from D. salli (in parenthe¬ 
ses) as follows: Dendropsophus triangulum bears two large 
pectoral patches that are in contact or nearly so (weak, 
distinctly apart), a light dorsum with or without a vary¬ 
ing number of dark blotches or spots (light blotches on tan 
ground) and red venter (lemon-yellow). Dendropsophus 
rossalleni and D. sarayacuensis have frayed light spots or 
blotches (smooth-rimmed). A triangular blotch on the 
head of D. sarayacuensis does not reach a sickle-shaped 
postocular fleck, which reaches no further than mid-body 
(blotches fused to form a U-shaped mark extending to sac¬ 
ral area). Dendropsophus rossalleni usually lacks a triangle 
on the head, but has a broad crossbar in the anterior area 
of the orbits, sometimes with a spike medially towards the 


tip of the snout, or an isolated spot may be present poste¬ 
rior to the internarial region. Posteriorly, the light colour 
pattern is highly variable, ranging from almost absent to 
broad dorsolateral bands fusing anterior to the sacrum, but 
the crossbar on the head and the dorsolateral bands do not 
fuse. Dendropsophus leucophyllatus is a relatively large frog. 
Males from adjacent southern Peru (Duellman 2005) 
reach 35.3 mm and females 40.2 mm SVL (30.1 mm/37 
mm). The dorsal pattern is similar to D. salli with a pattern 
of light dorsal blotches, or with a light reticulum. A light 
knee spot usually is absent (present), as are light spots on 
the arms (present). The webbing in live frogs is red (yellow 
or orange). The dorsal surfaces of the hind limbs of D. bi- 
furcus bear only one light heel blotch or very rarely another 
one on mid-shank (knee and heel spots and one or two 
blotches on mid-shank). The dorsum of D. bifurcus usually 
bears numerous minute light spots (absent), and dark spots 
are present in some specimens at night (absent). The ad¬ 
vertisement call is distinctly different (Fig. 5, see below and 
Discussion). Most D. elegans have a large tan mid-dorsal 
rectangular blotch bordered by light colouration (usually 
a light dorsolateral band discontinuous with sacral blotch). 
The tibia is uniformly light in colour (blotched). There are 
D. sa///-coloured specimens of D. elegans (Gomes & Pei- 
XOTO 1991: Fig. 8), however. The latter has more extensive 
webbing that reaches the disc on Finger IV (to penultimate 
subarticular tubercle). 

Description of holotype: An adult male of 27.7 mm SVL. 
Body about as wide as head, which is slightly longer than 
wide. Top of head flat. Snout short, round in dorsal aspect 
and truncate in profile. Nostrils slightly protuberant, open- 



Figure 2. Dorsal views of the paratypes of Dendropsophus salli sp. n., depicting variation in light blotches on the upper surfaces of 
the body. Upper row, from left to right: MNK-A 8446, MNK-A 8447, MNK-A 8448, ZFMK 62828 from Chevejecure, Beni, Bolivia; 
middle row: MNK-A 6574-6, ZFMK 88 O 37-88038 from 5 km ENE Palos Blancos, Beni, Bolivia; lower row: SMNS 13165-13168 from 
San Sebastian/Tahuamanu, Pando, Bolivia. 
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ing posterolaterally. Canthus rostralis straight, indistinct, 
round. Loreal region plain. Lips thin, barely flared. A faint 
supratympanic fold, extending posteriorly from the poste¬ 
rior corner of the eye to an area above the anterior part of 
the arm insertion. Tympanic annulus almost round, only 
slightly wider than high. Its size equals the diameter of the 
disc on Finger III and also the distance between the eye 
and the tympanum. Tympanic membrane not differenti¬ 
ated, tympanic annulus visible below skin. Axillary mem¬ 
brane reaches halfway to the elbow. Two glandular patches 
visible on the chest posterior to the clavicle, separated from 
each other by about half their width. 

Finger discs large. Disc on Finger III about 1.6 times 
the width of the Anger. Subarticular tubercles round; dis¬ 
tal tubercle on Finger IV bifid. Supernumerary tubercles 
on the proximal segments of digits. Palmar tubercle elon¬ 
gate, single. Prepollex elliptical, enlarged, lacking nuptial 
pad. Webbing formula of the hand is l2^ - 2V2II1V2 - 3 II 
I2k2 - 2k2lV. 

Hind limbs moderately long; the heels overlap only 
slightly when adpressed. A flap-like tarsal fold extends 
from the inner metatarsal tubercle to the tibiotarsal articu¬ 
lation. Inner metatarsal tubercle large, ovoid. Outer meta¬ 
tarsal tubercle indistinguishable. Subarticular tubercles 
round, moderate, subconical. Numerous supernumerary 
tubercles on proximal segments of digits. Webbing formula 
of the foot is IV - 2y3lli - 2y3lIIV - 3 IV3 - W. 

Cloacal opening situated at the level of upper edges of 
thighs, bearing a small cloacal flap. Skin smooth, except 
for the vocal sac in the gular area to anterior edge of clavi¬ 
cle, which is longitudinally wrinkled, the pectoral patches, 
which are finely granular, and the belly, which is coarsely 
granular. 

Tongue round, slightly free behind. Vocal slits open 
below the rim of the central part of the tongue. Choanae 
small, rounded. Vomerine odontophores situated between 
choanae, straight, in a line, but not in contact with each 
other, about as wide as choanae, bearing three vomerine 
teeth each. 

Measurements: SVL 27.7 mm, HL 8.9 mm, HW 8.7 mm, 
TL 14.6 mm, FL 20.5 mm, ED 3.3 mm, TD 1.3 mm, EN 2.1 
mm, IN 1.6 mm, TE 1.3 mm, FD 1.3 mm. 

In preservative, the dorsal ground colour is dark brown. 
It continues laterally and includes the upper lip and the la¬ 
teral area above the arm insertion to the upper level of the 
thigh. On the head, the brown colouration is interrupted by 
a white triangle with its base in the interorbital area and its 
apex between the nostrils. It is connected by a supraocular 
line to a broad dorsolateral band on each side of the body 
that reaches to the anterior portion of the sacrum. Another 
broad white streak is present middorsally in the sacral area. 
There are a few small white spots scattered over the whole 
dorsum. Ventrally and ventrolaterally, including the lower 
lip, the body is pale yellow. The limbs are pale yellow ven¬ 
trally, with the exception of the thighs that are pale pink on 
all surfaces. The dorsal surfaces of the arms are tan. There 
is a white fleck on the elbow, and both upper and forearm 
bear several minute white spots. The hands are pale yellow 
with numerous tan melanophores on the dorsal surfaces 
of Finger III and IV. The shank is tan dorsally and bears a 
small blotch on the knee, and two larger ones medially and 
distally towards the tibiotarsal articulation. The posterior 



Figure 3. Dendropsophus salli sp. n. in life: (a) colouration dur¬ 
ing the day of a specimen from Chevejecure, Bolivia; (b) night 
colouration of a specimen from the type locality. Both specimens 
not collected. 

part of the tarsus and the dorsal surfaces of Fingers III and 
IV bear numerous tan melanophores. 

In life (Fig. 3), during the day, the dorsal ground col¬ 
our of the body and limbs was dark tan with bright yellow 
or sometimes creamy yellow blotches, narrowly outlined 
with black. The ventral areas were bright lemon-yellow. At 
night, the dorsal and lateral surfaces of head, body and dor¬ 
sum were tan. The blotches on the dorsum and limbs were 
the same colour, but narrowly outlined with dark brown. 
The flanks and limbs were dark yellow. The iris was light 
silvery bronze (dark bronze at night) with a narrow golden 
ring around the pupil. 

Variation: The eleven males of the type series have a mean 
SVL of 27.04 mm (± 1.63 mm SD). Two adult females are 
32.0 and 32.5 mm in SVL. Proportions (means ± SD) for the 
males are as follows: HL/SVL 0.332 ± 0.013 SD, HW/SVL 
0.326 ± 0.012 SD, TL/SVL 0.510 ± 0.017 SD, FL/SVL 0.728 ± 
0.037 SD, TD/ED 0.421 ± 0.045 SD, HL/HW 1.017 ± 0.028 
SD, TD/HL 1.032 ± 0.018 SD. Two adult females: HL/SVL 
0.336, HW/SVL 0.327, TL/SVL 0.519, FL/SVL 0.750, TD/ 
ED 0.506, HL/HW 1.028, TD/HL 0.189. Data based only 
on two females seem to indicate that the tympanum dia¬ 
meter in females might be wider than in males. The body is 
slightly wider than the head in some specimens, and HW 
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in some cases equals HL. Snouts vary in shape from round 
to truncate in dorsal aspect and from bluntly rounded to 
truncate in profile. Webbing on the hand varies slight¬ 
ly among specimens: - (2^A-2%)IIi^A - (2%-3) 

111(2^2-2%) - (2^-2y2)IV. Variation of webbing between 
toes is I(V-i Vi) - 2y3lI(i-V) - (2y3-3 )III(V-iy2) - (iVs-y) 
IViiVs-y) - iW. Variation also exists with respect to the 
amount of light spots and blotches on the limbs. See Fig. 2 
for variation in dorsal colouration of the type series. 

Vocalizations: The advertisement call of Dendropsophus 
salli consists of two different notes, a longer Type I and a 
shorter Type II, which follows note Type I (Fig. 5a). In ten 
analysed calls (air temperature 23.7°C), the call consists of 
3-4 notes (3.8 ± 0.42) and has a duration of 212-282 ms 
(261 ± 26). The dominant frequency is about 2.85-3.00 
KHz (2.89 ± 0.07). Notes of Type I are much longer than 
those of Type II, and have durations of 61-80 ms (71.4 ± 
8.6), while those of Type II have 5-15 ms (10.6 ± 2.4). Type 
I notes have 16-23 pulses/note (20 ± 2), Type II notes have 
1-3 pulses/note (1.89 ± 0.4). The resulting pulse rates are 
higher in notes of Type I with 259-391 pulses/second (281 
± 18.8) than in those of Type II with 111-222 pulses/second 
(182 ± 38.1). Calls of D. salli (as Hyla bifurca) were pub¬ 
lished on CD by Reichle (2002). 

Habitat and natural history: In Bolivia, D. salli is found in 
lowland moist forests, transitional forests between south¬ 
western Amazonia and the Chiquitania Dry Forests (where 
they breed in temporary forest pools), but also in forest 
edge situations (De La Riva 1993, as H. bifurca^ Reichle 
2007, as D. bifurcus). De La Riva (1993) provides data on 
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Figure 4. An amplectant pair of Dendropsophus bifurcus at night 
near Pomona, Rio Pastaza, Pastaza, Ecuador. Note the absence 
of a median light blotch on the tibia and on the heel. Dorsal 
markings are lighter than ground colour by day and night. Note 
the minute light dorsal spots. Some darker spots may also be 
present on the middorsum in some individuals at night. “Rio 
Pastaza”, Ecuador, is the type locality of Dendropsophus bifurcus 
(Andersson 1945). 
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Figure 5. (a) Sound spectrogram and corresponding oscillogram 
(above) of an advertisement call of Dendropsophus salli sp. n., 
(Bolivia, Departamento Beni, 7 km ESE Rurrenabaque, 29 Dec. 
2000, 23.7°C). One Type I note is followed by three Type II notes, 
(b) Sound spectrogram and corresponding oscillogram (above) 
of an advertisement call of Dendropsophus bifurcus (Ecuador, 
Provincia Napo, south slope Volcan Sumaco, Rio Pucuno Valley, 
1100 m a.s.L, 1 Ian. 1997, 20.4°C). 


sites and perch heights of calling males. At the type locality, 
males were calling at the edge of an ephemeral pond. Other 
hylid frogs present were Dendropsophus koechlini, D. lealU 
D. minutus, D. nanus, D. schubarti, Phyllomedusa camba, 
R palliata and Pseudis paradoxa. At Tahuamanu, in De¬ 
partamento Pando, D. salli was found calling syntopical- 
ly with D. leucophyllatus, D. xapuriensis and Scinax garbei. 
Differing from D. leucophyllatus, which calls rather con¬ 
sistently during the whole rainy season, D. salli is vocally 
active mainly after heavy rains. Typically, males call from 
broad-leaved plants or grassy vegetation 10-50 cm above 
the water s surface. A clutch of eggs referred to D. salli was 
found deposited on the upper surface of a floating water 
lily (Nymphaeaceae) leaf close to its margin. 

Distribution: In Bolivia, D. salli ranges from the northern 
parts of the Departamento Pando southward to the north¬ 
ern parts of the Chiquitano Dry Forest near San Rafael. The 
easternmost record is from Noel Kempff National Park on 
the Brazilian/Bolivian border. A modelled map taken from 
Reichle (2007) indicates the localities where we have seen 
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specimens from or where specimens could be referred to 
as D. salli with certainty (Fig. 6). It also shows the poten¬ 
tial distribution of the species in Bolivia (after Reichle 
2007, as D. bifurcus). All Bolivian literature records fall into 
this range (e.g., de la Riva 1993). The potential distribu¬ 
tion area reaches the Brazilian border. It is therefore highly 
likely that the species occurs in Brazil as well. In fact, Du- 
ELLMAN (1977) includes Acre, Brazil, in the range of D. bi¬ 
furcus {Hyla bifurca auct.). His data might refer to D. salli. 
The exact range of D. salli is unknown at the moment. Lit¬ 
erature records such as Duellman (1977) or Rodriguez 
& Cable (1990) not accompanied by descriptions or pho¬ 
tos cannot therefore be evaluated. There are also reports on 
patterns “like those from Ecuador” or intermediate ones 
(de la Riva et al. 2000) for Bolivia that we are unable to 
refer to a species with certainty. Two definite photographic 
records of D. salli exist from Peru, one from the Tambopata 
River in southwestern Peru, Departamento Madre de Dios 
(MacQuarrie & Bartschi 2001), and one from the same 
region (as D. leucophyllatus) (von May et al. 2010). The 
southernmost locality where we have found D. bifurcus is 
Santa Maria de Nieva in Departamento Amazonas, north¬ 
ern Peru. 

Etymology: The new species is named after John Sale for 
his continuous generous contributions to forest conserva¬ 
tion worldwide and especially in the Neotropical region. 


Discussion 

We first took into consideration the idea that Dendrop- 
sophus bifurcus might be a composite of two species when 
we were keeping two males from Bolivia in a terrarium to¬ 
gether with two females from Ecuador for more than two 
years. Although the males called, the females deposited 
unfertilized eggs without males. Small treefrogs in repro¬ 
ductive condition usually clasp anything similar to con- 
specific females (see Kwet 2001: 92-93). It was surprising 
that the Bolivian males, then believed to be D. bifurcus, did 
not even attempt to mate with the females from Ecuador. 
Thus, we assumed that some premating isolating mecha¬ 
nism prevented mating. 

Despite the fact that D. bifurcus and the new species 
have been confused for many years, there are tradition¬ 
al taxonomic methods to distinguish them, and not only 
morphological ones. The calls of frogs of the Dendropso- 
phus leucophyllatus group are structurally similar (Bastos 
& Haddad 1995, Marquez et al. 1993, Wells & Greer 
1981, Wells & Schwartz 1984a, b). Nevertheless, the ad¬ 
vertisement calls of D. bifurcus and D. salli are well distin¬ 
guishable. The calls of D. bifurcus recorded on the southern 
slope of Volcan Sumaco, Rio Pucuno Valley, 1100 m a.s.l., 
Provincia Napo, Ecuador (Eig. 5b) consist of two different 
note types of which Type I is longer and always emitted. 
Type II is shorter and, if at all, only emitted following Type 



Figure 6. Map showing the distribution of Dendropsophus salli sp. n. in Bolivia. Triangles represent collection sites. The full triangle 
is the type locality. The shaded area is the potential range of the species in Bolivia based on abiotic parameters using BIOM software 
(see Reichle 2007, as D. bifurcus). See text for localities outside Bolivia. 
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■ D. bifurcus 

' D. bifurcus (DBIc) 

■ D. sarayacuensis 

■ D. triangulum 

■ D. leucophyllatus 

■ D. ebraccatus 
D. salli 

D. elegans 
D. minutus 
D. marmoratus 


Figure 7. Strict consensus tree of species belonging to the Den- 
dropsophus leucophyllatus group resulting from three different 
data sets. Dendropsophus anceps was omitted from the tree, be¬ 
cause it clustered with the outgroup taxa. Branching patterns 
resulting from the complete rDNA data set including stem and 
loop regions. A single tree was calculated for MP, NJ, and ML 
methods. Dendropsophus bifurcus and D. salli sp. n. are clearly 
paraphyletic. DBIc represents the sequence obtained by Chek 
et al. (2001). Support values corresponding to internal nodes are 
top-down for MP, NJ, and ML analyses. 


1 . For ten advertisement calls analysed (air temperature 
20.4°C), the following parameters were found: call length 
92-305 ms (197.7 ± 51.1), number of notes per call 1-3 (2 
± 0.47), dominant frequency 2.89-2.98 KHz (2.96 ± 0.03). 
With its duration of 78-101 ms (90.1 ± 9.3), note Type I is 
always longer and with 7-9 (7.8 ± 0.79) pulses, it exhib¬ 
its more pulses than note Type II with 10-33 (20.5 ± 

8.4) and 1-3 pulses (2 ± 0.67). This results in different pulse 
rates. Type I presents a slightly slower pulse rate with 84.2- 
90.1 pulses/second (86.7 ± 3.5) than Type II with 76.9-111.1 
(101.4 ± 14.4) pulses/second. No frequency modulation is 
present in the call. It is obvious that most of the parameters 
measured are variable, but the pulse rate of note Type I is 
consistent in all ten calls analysed. 

In comparison, the advertisement call of both species 
exhibit the same general structure, namely a longer note 
Type I that is followed by one or several notes of a sec¬ 
ond, shorter note Type 11 . The dominant frequencies in 
both species are also very similar (2.89 KHz in D. salli and 
2.96 KHz in D. bifurcus). Apart from some minor differ¬ 
ences in call and note duration, the main differences are 
found in the pulse rates of both note types as well as in the 
different number of pulses for the first note type (20 puls¬ 
es/note in D. salli vs. 7.8 pulses/note in D. bifurcus). Pulse 
rates are much higher in D. salli (note Type I 281 pulses/ 
second, note Type II182 pulses/second) than in D. bifurcus 
(note Type I 86.7 pulses/second, note type II 101.4 pulses/ 
second). In D. salli, the pulse rate of note Type I is always 


higher than the pulse rate of note Type 11 . This situation is 
reversed in D. bifurcus. The last finding (as well as similar 
dominant frequencies) excludes the possibility of tempera¬ 
ture-influenced artefacts affecting our data. 

Marquez et al. (1993) published call data of D. salli 
{Hyla bifurca auct.) from Puerto Almacen, Bolivia. Both 
the spectrogram and oscillogram figured by the latter au¬ 
thors look much the same as ours, but the call descriptions 
differ in note durations and the resulting values for pulses 
per second. This might be due to the different call taxono¬ 
my used. Their longest note durations are within the range 
of our call durations, and their values of calls and notes per 
minute are almost identical to ours. 

Mitochondrial genes have been widely used to infer 
phylogenetic relationships of amphibians (e.g.. Hay et al. 
1995, Vences et al. 2000, Chek et al. 2001, Hertwig et al. 
2004, Faivovich et al. 2005). It is often the case that loop 
and stem regions of mitochondrial rRNA genes are not 
equally informative in phylogenetic studies. For instance, 
Wheeler & Honeycutt (1988) demonstrated that rRNA 
loop regions produce more reliable trees, whereas Dixon 
& Hillis (1993) showed that nucleotides in stem regions 
yield more phylogenetic information. Thus, it is important 
to take into consideration the different constraints caused 
by the secondary structure and recognize stem and loop 
regions in rRNA gene sequences as sources of different in¬ 
formation. 

Chek et al. (2001) investigated the evolutionary histo¬ 
ry of the 30-chromosome Dendropsophus and presented a 
general phylogeny for the D. leucophyllatus group that is 
identical to our tree topology (except for the newly recog¬ 
nized species D. salli). Phylogenetic relationships among 
species of the D. leucophyllatus group were mostly uncov¬ 
ered by investigating loop regions. The branching patterns 
resulting from the rDNA stem data set are weakly resolved 
instead. This was also discovered and discussed elsewhere 
(Wang & Lee 2002, Schmitz et al. 2005). The complete 
data set, consisting of stem and loop regions, however, lend 
strongest support to the phylogenetic relationships with¬ 
in the D. leucophyllatus group. Thus, larger sequence data 
sets are always superior for phylogenetic investigations as 
long as structural constraints are considered in cases where 
rRNA genes are the underlying source of the analyses. 
Faivovich et al. (2005) described a sister-group relation¬ 
ship of D. anceps and the D. leucophyllatus group. In our 
phylogenetic analyses, D. anceps clustered mostly with the 
outgroup taxa. Hence, we propose that the phylogenetic 
position of D. anceps needs further investigation, because 
not only our genetic, but also the following morphological 
characters indicate that D. anceps might not be a member 
of the D. leucophyllatus group (characters of the latter in 
parentheses): It has marbled dark brown dorsal coloura¬ 
tion (contrasting light and dark markings), boldly barred 
thighs (uniform, light), only a short and inconspicuous 
axillary membrane (extensive), lacks glandular pectoral 
patches (conspicuous), and the tadpoles have 2/3 rows of 
labial teeth (lacking) and two rows of papillae on the poste¬ 
rior labium (one) (Lutz 1973, pers. obs. KHJ). 

Our phylogenetic analyses of D. salli within the D. leu¬ 
cophyllatus group revealed that D. salli was not the closest 
relative of the Amazonian D. bifurcus, with which it had 
been confused, but with D. elegans of the Atlantic Forest 
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region of southeastern Brazil. This indicates a connection 
between the Bolivian amphibian fauna with the one from 
the Atlantic Forest and raises questions about the evolu¬ 
tion and phylogenetic relationship of amphibians of the 
southwestern Amazon ecoregion (Dinerstein et al. 1995). 
It would not be surprising to find more widespread am¬ 
phibian “species” that actually represent species pairs or 
complexes and that some of these elements in the south¬ 
western Amazon Basin actually have closer relationships 
with the Atlantic Forest species than with their Amazoni¬ 
an look-alikes. Such a scenario seems rather likely in some 
species complexes such as Dendropsophus “minutus” rang¬ 
ing from southeastern Brazil to Trinidad, but may also be 
found, e.g., in Hypsiboas crepitans (Martins et al. 2009) or 
Trachycephalus venulosus. 
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GenBank 


Species 

Lineage 

Sequence 

accession 

numbers 

Reference 

Dendropsophus 

Anura, Hylidae 
(30 Chr.), 

Partial 12 S- 

and 16 S rRNA 

AY 843597 

Faivovich et 
al. ( 2005 ) 

unceps 

Dendropsophini 

+ tRNA-Valin 


Dendropsophus 

Anura, Hylidae 
(30 Chr.), 
Dendropsophini 

Partial 12 S- 

AF 308082 

Chek et al. 

marmoratus 

and 16 S rRNA 

AF 308114 

(2001) 

Dendropsophus 

Anura, Hylidae 
(30 Chr.), 
Dendrosophini 

Partial 12 S- 

AF 308081 

Chek et al. 

minutus 

and 16 S rRNA 

AF 308112 

(2001) 

Dendropsophus 

Anura, Hylidae 
(30 Chr.), 
Dendropsophini 

Partial 12 S- 

AF 308073 

Chek et al. 

bifurcus 

and 16 S rRNA 

AF 308098 

(2001) 

Dendropsophus 

bifurcus 

Anura, Hylidae 
(30 Chr.), 

Partial 12 S- 

and 16 S rRNA 

AY 362975 

This work 

Dendropsophini 

+ tRNA-Valin 



Dendropsophus 

Anura, Hylidae 
(30 Chr.), 
Dendropsophini 

Partial 12 S- 

AE 308076 

Chek et al. 

sarayacuensis 

and 16 S rRNA 

AF 308104 

(2001) 

Dendropsophus 

triangulum 

Anura, Hylidae 
(30 Chr.), 

Partial 12 S- 

and 16 S rRNA 

AY 326053 

Darst & 

Cannatella 

Dendropsophini 

+ tRNA-Valin 


( 2004 ) 

Dendropsophus 

Anura, Hylidae 
(30 Chr.), 
Dendropsophini 

Partial 12 S- 

AF 308072 

Chek et al. 

leucophyllatus 

and 16 S rRNA 

AF 308097 

(2001) 

Dendropsophus 

Anura, Hylidae 
(30 Chr.), 
Dendropsophini 

Partial 12 S- 

AF 308074 

Chek et al. 

ebraccatus 

and 16 S rRNA 

AF 308101 

(2001) 

Dendropsophus 

Anura, Hylidae 
(30 Chr.), 
Dendropsophini 

Partial 12 S- 

AF 308075 

Chek et al. 

elegans 

and 16 S rRNA 

AF 308103 

(2001) 

Dendropsophus 
salli n. sp. 

Anura, Hylidae 
(30 Chr.), 
Dendropsophini 

Partial 12 S- 

and 16 S 

rRNA 

-H tRNA-Valin 

AY 362976 

This work 
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S2. DNA alignment of partial mitochondrial 12S and 16S rRNA genes (including the 
intermediate tRNA-Valin region) separated into loop and stem regions. Stem regions are 
boxed and numbered. Grey shaded areas were difficult to align among amphibians but were 
considered informative for the phylogenetic analyses of the Dendropsophus leucophyllatus 
group when underlined. The total number of sites for phylogenetic analyses of loop and stem 
regions was 1118 (stem regions 478, loop regions 640). The number of potentially 
informative sites within loop and stem regions was 209 (stem regions 39, loop regions 170). 
Dark grey shaded areas illustrate the sequence divergence between Dendropsophus bifurcus 
from Ecuador and Dendropsophus salli from Bolivia. Abbreviations and accession numbers 
(if not already given in SI); TNA: Typhlonectes natans (AF154051), AME: Ambystoma 
mexicanum (Y10948), XLA: Xenopus laevis (M10217), RCA: Lithobates catesbeianus 
(M57527), HMA: Hypsiboas marianitae (AY362977), DAN: Dendropsophus anceps, DSL: 
Dendropsophus salli, DBI: Dendropsophus bifurcus, DBIc: Dendropsophus bifurcus (Chek 
et al. 2001), DSA: Dendropsophus sarayacuensis, DTR: Dendropsophus triangulum, DEE: 
Dendropsophus leucophyllatus, DEB: Dendropsophus ebraccatus, DEL: Dendropsophus 
elegans, DMI: Dendropsophus minutus, DMR: Dendropsophus marmoratus. 
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TGTAAACCTC 
CATAAACTTT 
CATAAACTTT 
CQTAAACA-- 
CACAAACT-- 
CGTAAACTTT 
CGTAABCTTT 
CGTAMCTTT 


--CACCTA--- 

--TCTT.- 

CTACTTAC-GCAAAAA 
--ATTTACACCAA--- 
--AATTACACCTC--- 
-TAATTACACCCCCAT 


AGAGCACTAC 

AGAGTACTAC 

AO--AACTAC 

AGQGAATTAC 

AGGGAACTAC 

AGGGAACTAC 

HGGAACTAC 

Hggaactac 


AGCA 

AATA 

CTAA 

-AAT 

-AAA 

-AAA 


ATAACCCA 

ATAACrCC 

ATACCCCT 

ATGATCCC 

ATAACCCC 

ATAACCCC 

ATAACCCC 

ATAACCCC 

ATAACCCC 

ATAACCCC 

ATAACCCC 

ATAACCCC 

ATAACCCC 

ATAACCCC 

ATAACCCC 

ATAACCCC 


AAACCTCA 

AAACCTCA 

AAACCTCA 

ATACCCGA 

CAACCTCA 

TAACCTCA 

TIACCTCA 

tIacctca 

TTACCTCA 

TTACCTCA 

TTACCTCA 

TTACCTCA 

CTACCTCA 

TTACCTCA 

TAACCTCA 

TAACCTCA 


C TTTACBC|CC^H|r 

TTTAcIcIcC^^Hr 


TTGATCCT CAGC CTATATACCACOGTC GCC AGCTAGC 
TTGCAAAA CAGC CTATATACCGCOOCC OTC AOCTTAC 
TTGCCAAA CCGC CTATATACCACCGTC GCC AGCCCAC 
TCGCTTAT CAGT CTGTATACCTCCGTC GAA AGCTTAC 
TAGCCTAA CAGT CTGTATACCTCCGTC GTC AGCTTAC 
TAGCTTA- CAGC CTGTATACCTCCGTC GTC AGCTTAC 
T|G|TW CAGC CTGTATACCTCCGTC GTC AGCTTAC 
TKlrHr CAGC CTGTATACCTCCGTC OTC AOCTTAC 
TTG-TTTT CAGC CTGTATACCTCCGTC GTC AGCTTAC 
TAGCCTCT CAGC CTGTATACCTCCGTC GTC AGCTTAC 
TAGTTTCT CAGC CTGTATACCTCCGTC OTC AOCTTAC 
TAGTCTAT CAGC CTGTATACCTCCGTC GTC AGCTTAC 
TAGTTAAT CAGC CTGTATACCTCCGTC GTC AGCTTAC 
TAGCCTGT CAC5T CTGTATACCTCCGTC GTC AGCTTAC 
TAGTTTAT CAGC CTGTATACCTCCGTC GTC AGCTTAC 
TAGCCTAT CAGC CTGTATACCTCCGTC GTC AGCTTAC 


AAACAOGACAG 

AAATGATA-AA 

TAATGATTTTT 

TAATGACCTAA 

TAATGTCTTAT 

CGATGTCCTTA 


TAAA 

TAAG 

TGAG 

TGAA 

TGAG 

TGAG 

TGAG 

TGAG 

TGAG 

TGAG 

TGAG 

TGAG 

TGAG 

TGAG 

TGAG 

TGAG 


AAATAAA 

AAAACAA 

ATTCTTA 

CTT-GCA 

CGATATC 

TAAATTA 


ACTAGCC 

GTAAGCA 

GTAGGCT 

GTAGGCT 

GTAAGTT 

GTGAGCT 

GTGAGC| 

GTGAGcl 

GTGAGCT 

GTGAGCT 

GTGAGCT 

GTGAGCT 

GTGAGCT 

GTGAGCC 

GTGAGCC 

GTGAGCT 


AAGATOG 

GOOOTOO 

GAAGTQG 

GAAATOG 

AAAGTGG 

AAAATGG 


ACATT TTCTT 
ACATT TTCT- 
ACATT TTCTA 
ACAAT TTCTA 
ACACT CTCTA 
ACACT ATCTA 
ACACT GTCTA 
ACACT GTCTA 
ACACT GTCTA 
ACACT GTCTA 
ACACT GTCTA 
ACACT GTCTA 
ACACT GTCTA 
ACACT GTCTA 
ACACT ATCTA 
ACACT ATCTA 


CCAATTA 

CTTATTA 

CTAACTA 

CTAACTA 

TTAATTA 

CTAACTA 

CAAACTA 

CCAACTA 


TAATGCCCCTA 

TAATGCCC-TA 

TAACGCCCCCG 

TAATGCCCTTG 

TAATGTTArrA 

CAACGCCTTTA 

TAATGCCCCTA 

AAATGCCCTTA 


TNA AAAGA AACACXXSAA 
AME -AGAA AAAACGAAA 
XLA TAGAA TAAACGAAA 
RCA TACSAA CAAACQAAA 
HMA TAGAA CACACAAAA 
DAN TAGAT TAAACGAAA 
DSL TAGAC KASACXSAAA 
DBI TAGAC IaIaCGAAA 
DBI< TAGAC CACACGAAA 
DSA TAGAC AACACGAAA 
DTR TAGAC TATACGAAA 
DLE TAGAC TACACGAAA 
DEB TACMVC TAAACGAAA 
DEL TAGAC AACACGAAA 
DM1 TAGAT AATACGAAA 
DMR TAGAT CATACOAAA 


AGTCT 

AACCA 

GATCT 

GACTA 

GACTA 

AACTA 

GACTA 

GACTA 

GACTA 

GACTT 

GACTA 

AACTA 

GACTA 

GACTA 

GACTA 

GACTA 


|C-ATGAAAAC| 


ACTCC 

AGTTG 

AGATC 

TAATC 

TAGTC 

TAGTT 

TAGTC 

TAGTC 

TAGTC 

TOGTC 

TAGTC 

TAGTT 

TAGTC 

TAGTC 

TAGTC 

TAGTC 


GACOGA TTTAA CAO 
GGAGGA TTTAG CAG 
GGCGGA TTTAG CAG 
GGTOGA TTTAG TAG 
GGTGGA TTTAG CAG 
GGCGGA TTTAG AAG 
GGCGGA TTTAG AAG 
GGCGGA TTTAG AAG 
GGCGGA TTTAG AAG 
GGCGGA TTTAG AAG 
GGCGGA TTTAG AAG 
GGCGGA TTTAG AAG 
GGCGGA TTTAG AAG 
GGAGGA TTTAG AAG 
GGCGGA TTTAG AAG 
GGCGGA TTTAG AAG 


CCAATTATA 

ATAAGAGTG 

ACAAGAGAG 

AATAGAGTO 

ACCAGAGTG 

ACCAATATG 

AHA||pTG 

aIaBgtg 

AGTAGCGTG 

AOCAATGTG 

ATCACTATG 

ACCAACATG 

AOCATTGTO 

ACCATTGTG 

ATCAATATC 

ACCAAAGTG 


TACAAAAATTCAACCAATTTTATAAA 
AACATCTATATT-TAA-GTAATTAAC 
TACAAAAATCAACCAACGTCTATAAA 
OATAGTATCTCACCCC-GTTCCTAAC 
G-CAGCCACAAT-TAA-GTAATTAAC 
AA-AGCTTTCATCTA--6TTTTTAAC 


-aatg; 


FAAAAAC 


|A-AGBT|C|MGTA|-GTnT|AC 

Ia-acMcIaIgtaI-gttBiIac 


ATATGAAACC 

-TATGAAACC 

TTATGAAACC 

CTATGAAACC 

ATATGAAACC 

TTATGAAATC 

TAATGAAATC 

TTATGAAATC 


:tttattt; 

:ttccttti 

:ctctttt; 

:ttccttti 

:ttccttti 

rTTTCTTTl 

:ttctttti 

:tti'ctit; 


ACTTAGGCCC T- 
ACTTAOGCAC T- 
ACTC-GGCAC T- 
ACTC-GGCAC T- 
ACTC-GGCAC T- 
ACTT-GGCAC T- 
ACTC-GGCNN N- 
ACCC-GGCAC |t; 


FAAAAGAAG 

FAAAAAAAG 

rAAAAGAAG 

TAAAGAAAO 


GNAGACC 

GTTTACC 

GATCACC 

GTGTACT 

GTATACC 

GTATACC 

GTATACC 

GTATACC 


CAAAGTA 

CAACCCG 

CAAAGTA 

CAAAATG 

CAAACTG 

CAAAATA 


CTTACAC 

CTTACAC 

CTTACAC 

CTTACAC 

CTTACAC 

CTTACAC 

CTTA« 


CGAAA 

TAAGA 

CGAAA 

CGAGA 

CGAGA 

CGAGA 

CGAGA 

CGAGA 


AAAT 

AAAT 

CAAT 

AAAT 

AAAT 

AGAT 


NNNCACA 

ATAAAAC 

TTAAACC 

TTTAACC 

ATAAACT 

TGAGACC 


»TTTTG 

:agattg 

rACTTTG 

:gttttg 

:attttg 

rATTTTG 


AAATA 

AACCA 

AACAA 

AAATA 

AATTA 


TNA A GCCGCACGACT 
AME A GTAGAAATTAT 
XLA A TCCAAAAACCT 
RCA A GCCCAAAATCT 
HMA A OCCAAAAATCT 
DAN A GCCAAAAATCT 
DSL A GCTAAMAAKT 
DBI A GCTAaIaaIcT 

DBIo.. 

DSA - . 

DTR - - 

DLE - - 

DEB. 

DEL. 

DMI - ..- 

DMR - . 


AACCATCTAATCACAACCCCAACCCCCGCCCAGCCCAACCAAAAACTAAAACAT TTACXATyCAACT ATCAGGCGATAGAACGGATACAA 

AATTACCTAACACCTAA.ATATACTAAAACTAAAACATTTASAAACTTAAaTATTGQAGAAAGAAATTAAAAAf 

TCCAATTATAATAACAATAA-CCTCATATTCTCATAAATTTCTAATTAAACCATTCTAAAATTTTAGTATAGGCGATAGAACAA-TCATA 

ACACACATTCGCATGA.CCCCCTTACCCCTAGCCTCTAAACAAATCATTTTAACATTATAGTACAGGCGATCGAAAAATTTCTA 

CCCCCCATTACTTAGAAACA---CTAACCTACTTATTATAATAAAACAAATCATTTTTACAATTGAOTATAOaAGATAAAAAAATTAAcf 
TATCCCATTACATGCCC-CTCCTCTTCCAGTAGCATAAATTAAAACATTTACAATATTATAGTAAAGGAGATTGAAAGACTAATT 


GAAGCA 

AGAGCT 

ATAGCT 

AGCGCT 

GOAGCT 

AGAGCT 


ATAGATATAGTA 

ATAGAAATAGTA 

ATAGAAAAAGTA 

TCAGACAAAGTA 

ATAAAATTAOTA 

ATAACAATAGTA 


GCAA 

GCAA 

GTAA 

GCAA 

GCAA 

GCAA 

GCAA 

GCAA 


VTAGTA 


JAAATl 


PAGTAAAC 


iTAGTA 


TNA ACTTAAAOTAAAA/ 

AME aataaaacaaata; 

XLA AACTAAGCAACAW 
RCA -TTAAAGCCCTAAl 


ACCACCC 

ATTATAC 

AACTTAC 

ATAACCT 

ACTTTCC 

CCACTCC 


TTTAAC 

TCTAGC 

TCTAGC 

TCTAGC 

TTTAAC 

TCTAAC 

TTTAAC 

TTTAAC 


AAGTCCA 

AAGTA-A 

CAGTCAT 

CAGTC-T 

TAGTCCT 

TAGTC-T 


ATAAAAGCCl 

CAAAAAGAA- 

CAAAACGAA1 


CCCAG-- 

TAAAGTT 

TTCAGTT 

TTTAGTT 

TTAAGTT 

TTCAGTT 


AGAA 

CGAA 

CGAA 

CGAA 

CGAA 

CGAA 

CGAA 

CGAA 


ACTAQAC 

ACTAAGC 

ACTAAGC 

ACTAAGT 

ACTAAGT 

ACTAGGC 


AACTTAC 

AATCAAC 

ACTCAAC 

AATCAAC 

AATCAAC 

AATCAAC 

AATCAAC 


caaaat; 


HMA GTTTAAGCATAAA/ 

DAN -attaagcataag; 
DSL -ttvaagcahaa; 
DBI -ttIaagcaHaa; 

DBIe. 

DSA. 

DTR. 

DLE. 

DEB. 

DEL. 

DMI.. 

DMR- 


CAGAAAGAAI 

CAAAAAGAAC 

CAAAAAGSAC 

caaaaagIac 


TG-ACACG 

TG-AAAAG 

TGTACAGA 

TG-ATAAG 

TG-ATAQA 

TG-ACAGA 

TG-ACAGA 

TO-ACAGA 


TACCX3A 

TAACGA 

AAACGA 

TACCGA 

AAACGA 

TAACGA 

TAACXIA 

TAACGA 


GATAGCT 

GATAOCT 

GATAGCT 

GATAGCT 

GATAGCT 

GATAGCT 

GATAGCT 

GATAGCT 


TAAAC 

GAAAT 

GAAAT 

GAAAA 

TAAAA 

GAGAA 

GAAAA 

GAAAA 


CTAA 

TTAA 

ATAA 

CTTA 

TTTA 


TTTAAGCC 

TTTAAATA 

CCTAAATA 

C'lTAAGCr 

CTAAAGCC 

CTAAAGCA 


|A|||AGTVTT|AAA- -HCIIIICflCCSI |GCTT|AG 

lAHL^lflhTlAAA- -■cHclcCcI IgCTtIaG 
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AAAAAAATr^TAAT«ArrAAACTAT'riAAQaA&AA™jTC)l 

AGA-TAATOAATAAAGATTATATTATTAAAAGAAATTAAAA- 

ATAATACTnnOTAAAGATTATAATCTTCAAGaSAAOTTGarf 

CTAACACCGGGTGAAWATAGTAATCTCAATA- 

AGACTAATOGGTTAAATTTTTACAOTOTACCA.—S 

ACACTAATGGGTATA—ACGCCCTTAATTCTCAAAC—S 


TNA AGTCA 
AME AGCTA 
XLA ATTTA 


TTCACAAGAG 

ATTAATAAAG 

TTCAATCAGG 

TTCAAATAAG 

TTCAATTAAG 

TTCAAATGAG 


GTACAG 

GTACAG 

GTACAG 

GCACAG 

GTACAG 

GTACAG 


AGACAA 

AAACAA 

ATACAA 

AAACAA 

AAACAA 

ATACAA 

AlACAA 

aIacaa 


CAGTQGGC 

TTGTTGGC 

CAGTGGGC 

AAGTOOGC 

AAGTGGGC 

AAGTGGGC 

AAGTGGGC 

AAGTGGGC 


CTAATAGCA 

CTAAAAGCA 

CTAAAAGCA 

CTAAAAGCA 

CTAAAAGCA 

CTAAAAGCA 

CTAAAAGCA 

CTAAAAGCA 


GTCACA 

GTCACA 

GTCAAA 

GTTAAA 

GTCAAA 

GTCACA 

GTCAAA 

GTCAAA 


AACCAAATTAAATCCAAAAA 
AACTTAATAAAACCTTATTA 
ACTCAATCATTTAACCCTTT 
AACTATAAATTACTAATAAT 
TACTACACAAGT-ATATT 


RCA AGCTA 
HMA AGTTA 
DAN CGTC A 
DSL 
DBI 

DBIo- 

DSA. 

DTR- 

DLE. 

DEB- 

DEL- 

DMI. 

DMR. 


-TACCTC—MBfiBCCCACTAGCACAA ATGAGC 
■TAAACAATCAAAATTCATTANNATGTA TTGAGC 
VTAACTAATaUfJBlMCCCCCAAACAATA CTGAGC 
ITATTAA TT- - - I^ CCCTTCATTCCTA CTGAAC 
liSnBDSnSmH’^^^'^'^ATTTTCA TCAAGT 
^CACCTTTTTA-’-^^CCCTTTATCCATA TTAAGT 

B ri||icccnAvnrA ttaagt 
■B| cCcSTAtlSrA ttaagt 

Sg^CCCTTTACTTATA TTAAGT 
g-gCCCTTTACTAATA TTAAGT 
3-lcCCTTTATTTGTA TTAAGT 
p-pCCCTTTATTTGTA TTAAGT 
^-WCCCTTTATTCCTA TTAAGT 

.---RCCCCCTATCTATA TTAAGC 

- "iicCCTTTATTTCTA TTAAGC 

-^CCCTTTATCTCTA TTAAGC 


tataga; 

-ATAGAl 

TATAGA/ 

TATAAA/ 


CAATTAAT GTTAAA ACTAGTAACAAGAAAGi 

gtgcctat gctaga actagtaacaagaatt! 

GCACTTAT GCTAGA ACTAGTAATGTGATAct 
GCAATTAT gctaga ACTAGTAACAAGAAATj 
CATAAAAT GTTAAA ACTAGTAACAAGAAGTJ 
GCTATTAT GTTAGA ACTAGTAATAAGAAGaI 
GHAITAT GTTAAA ACTAGTAATAAGA|a|[ 
gBaItAT GTTAAA ACTAGTAATAAGaIgII 
GCCACTAT GTTAAA ACTAGTAATAAGAGGct 
GCCACTAT GTTAAA ACTAGTAATAAGAAGaJ 
gcccttat gttgaa actagtaataagaagaI 
GCCCTTAT GTTGAA ACTAGTAATAAGAAGAI 
GCTATTAT GTTAAA ACTAGTAATATGAAGct 
GCTATTAT GTTAAA ACTAGTAATAAGAAGcl 
GCTATTAT GTTAAA ACTAGTAATAAGAAGtI 
GTAATTAT GTTAAA ACTAGTAATAAGAAGa] 


AAOTQTAA 

ATGTGTAC 

AAGTGTAA 

AAGTATAA 

AAGTGTAA 

GAGTGTAA 

AAGHTAA 

aagBtaa 

AAGCATAA 

AAATATAA 

AAGTGTAA 

AAGTGTAA 

AAGTGTAA 

AAGTATAA 

AAGTGTAA 

AAGTGTAC 


GCTAT AACOGACCGCCCA ATAGC AATT/ 
ATCAG AACGAAAAACTCA CTGAT AATT/ 
ATCAG ATCGAATAAATCA CTGAT AATT/ 
ACCAA /kATGGACCATCTG TTGGT GATT/ 
GCCAG /VAAGGAT/IAACCA CTGTC AACT/ 
ATCAG A/UKGGACACCCCA CTGAT AGTT/ 
ATCAG AAAGGACCCOCCA CTGAT AATW 
ATCAG AAAGGACCCGCCA CTGAT AATW 
ATCAG /kAAGGACCCGCCA CTGAT AATC/ 
ATCAG /VAAGGACCCACCA CTGAT AATT/ 
ATCAG AA/K3GACATACCA CTGAT /UVTT/ 
ATCAG AAAGGACCAGCCA CTGAT AATT/ 
GCCAG AAAGGACACACCA CTGGC ACTT/ 
ATCAG JUU^GGACACACCA CTGAT /VATT/ 
ATCAG /V/UVGGACACCCCA CTGAT /UITT/ 
ATCAG A/UW3GACCCACCA CTGAC /UVTT/ 


■AC-GA- 

•TGATT- 


TATAG/ 

TATAGI 

tatagI 

TATAG/ 

TAT/VG/ 

TATAG/ 

TATAG/ 

TATAG/ 

TATAG/ 

TATAG/ 

TATAG/ 


•AGTCC> 

-AGTGC- 

-AGTGC- 


TA TTCTAT/ 
TA TTCTAT/ 
TA TTCTAT/ 
TA TTCTAT/ 
PA TTCTAT/ 
/VG CCCTAT/ 
AT CTCTAT/ 
GA TTCTAT/ 


TNA ACTGGCACTAC.AAATAA/^iCAAQCTGTCAAJ^---TJUUX:gttaaC 

AME TT/VAAATAATG.CAAACTTAGAAAAATAT - AAATAC - TTAC- GT’I AAA 

XLA TCCTC0CTGAGATCCTTGCAATAACAAAACAAGAAAACCATGCACTTA-TTACCGTTA.\T 
RCA CAAATGCAAAATCTATAGCAA---CATAACTAGAAAACCCTATAACTA-CAAACGTTAAC 
HMA CTAATQATTTTTAATTAGC/U^---CACCACAAGAAAACCCTAAT/AAA-CAAATGTTAAA 

DAN CC/kATG/^ACATA/U^ACAGTAA-CTTAGCTAGA/UU^CACTGTTCCCT-T/iAGCGTTAAr: 

DSL 1 ‘ C M 1W CTACAAA|CA0CAA- - - ClTC|CTAaAAA/yC' l X »rA » l «-MACGTTAAC 
DBI T(BlX»CTACAAAlcMCAA---CTTclcTAaAAAAlcx:TGlralll-HACGTTAAC 
::fi Ic TTXnrOACTACAAAAaWCAA- - - CTTCTCTAGAAAACCCTGCTATTA-CTQACGTTAAC 
DSA TCTATGATTACAAAACAGCAA---CTTCACTAGAAAACCCTGTTGTCC-CTAACGTTAAC 
DTR CCTGTGACCCTAAAACAGCAA---CTCCACTAGAAAACTCTGTTGCCC-TTAATGriAAT 

DLE TTTATGATTTTAT/UVCAGC/IA-CCCCTCT/«3/UUUICCCTGTTACTT-TTAACGTTAAC 

DEB TTTATGATTGTAAAACAGCAA---CTTCACTAGAAAACCCTGCTACCT-JUUlCCGTTA/u: 
DEL CCTATGATTATAAAACAGCAA---CTTCACCAGAAAACCCTGTTTATT-T/UWCGTTAAC 
DMI TCTOTaAACTrAAaACftaCAA---CTCCTCAAaAAAACCCTGCCTTAT-TTG»CGTTAAC 
DMR TCCATGAATATAAAACAGCAA---CTTTCCTAGAAAACCCTATTTAACTAAAACGTTAAT 


3ACACTG AAGGAATTA 
^TTTAAA AAGGAACTC 
3ACGCAG /UW3GAACTC 
3AGAAAG AAGGAACTC 
jAAAAAG AAGGAACTC 
SAAAAAG AAGGAACTC 
3/UlAAAG AAGGAACTC 
3AAAAAG AAGGAACTC 
3AAAAAG AAGGAACTC 
3AAAAAG AAGGAACTC 
3/^/UUV/VG /UVGGAACTC 
3CA/UUVG /UU3GAACTC 
3/lAA/VAG /UU3G/MCTC 
jPAMAG AAGGAACTC 
3AAAAAG AAGGAACTC 
3AGAAAG AAGGAACTC 


CC TGTTT ACCAA AAACA TC 
CC TGTTT ACCAA AAACA TC 
CC TGTTT ACCAA AAACA TC 
CC TGTTT ACCAA AAACA TC 
C- TGTTT ACCAA AAACA TC 
CC TGTTT ACCAA AAACA TC 
CC TGTTT ACCAA AAACA TC 
CC TGTTT ACCAA AAACA TC 
CC TGTTT ACCAA AAACA TC 
CC TGTTT ACCAA AAACA TC 
CC TGTTT ACC/UV /GUVCT CC 
CC TGTTT ACCPA PAACA TC 
CC TGTTT ACCAA AAACA TC 
CC TGTTT ACCAA AAACA TC 
CC TGTTT ACCAA AAACA TC 
CC TGTTT ACCAA AAACA TC 


PACACA 

AACACA 

/U^CACA 

TACACT 

AACACA 

AACACA 

GACACT 

GACACT 

GACACT 

/UiCACT 

/\ACACC 

/lACACT 

/GACACT 

AACACT 

AACACT 

AACACC 


AAPA 

PAPA 

PAPA 

AAPA 

PAPA 

AAPA 

TAAA 

TAAA 

PAPA 


TNA ACCTCTAG fTAACCCGACAC-GT/k TTAGAAGC ACT 
AME ACCTCTTG WT---ATTAA--GT/i TAAGAGGC CCT 
XLA GCCTCTTG JTTAAAAAACATTGTA TAAGAGGT CCA 
RCA GCCTCTTG ATA---/iAACA--TAAGAGGT CCA 

HMA GCCTCTTG ACA-AACA---C TAAGAGGT CCA 

DAN GCCTCTTG CTG-ATA-^ TAAGAGGT CCA 

DSL GCCTCTTG |AC---|AATA-TAAGAGGT CCA 
DBI GCCTCTTG IaC---IaATA--TAAGAGGT CCA 
DBIc GCCTCTTG ^C-■ •-AATA-.-g TAAGAGGT CCA 
DSA GCCTCTTG fAC—-CCC-A—TAAGAGGT CCA 
DTR GCCTCTTG CA----TAATA-'-g TAAGAGGT CTA 
DLE GCCTCTTG CCC---CCCTA—TAAGAGGT CCA 
DEB GCCTCTTG AAC^-'ACATA---^ TAAGAGGT CCA 
DEL GCCTCTTG CAC---TAATA---J TAAGAGGT CCA 
DMI GCCTCTTG tAC---CTATA-—^ TAAGAGGT CCA 
DMR GCCTCTTG AAA—CTATA---C TAAGAGGT CCA 


ATTTTG 

ATCATG 

ATC-TG 

ACCCTA 

ATCCTA 

ATCCTA 

ATCCTA 

ATCCTA 

ATCCTA 

ATCCTA 

ATCCTA 

ATCCTA 

ATCCTA 

ATCCTA 

ATCCTA 

ATCCTA 


AGCAT/VATC 

AGOGTAATC 

AGCGTAATC 

AGCATAATC 

AGCGT/UiTC 

AGCGTAATC 

AGOGTAATC 

AGCGT/^TC 

AGOGT/VATC 

AGCGT/VATC 

AGCGTAATC 

AGCGTAATC 

AGCGTAATC 

AGCGT/UVTC 

AGOGT/UITC 

AGCGTAATC 


T/UVAT AAAGAC 
TAATT AAAGAC 
--AAT AAGAAC 
TAAAT AGOGAC 
T/UUiT GAGGAC 
TAAAT GAGGAC 
TAAAT GAGGAC 
TAAAT GAGGAC 
TAAAT GAGGAC 
TAAAT GAGGAC 
TAAAT GAGGAC 
TAAAT GAGGAC 
TAAAT GAGGAC 
TAAAT AAOGAC 
T/IAAT GAGGAC 
T/CAAT G/CGGAC 


TTGTATG/VAT GGC PAPA CG/UUVG-CTTA 
CTGTATGAAT GGC AAAA CC5AGAG-TCTA 
TGGTATGAAC GGC --CA CC3AAGG-TTCA 
TTOTATCAAC GGC ACCA CGACSGG-CTAT 
TAGTATGAAT GGC ATCA CGAGGG-TTAC 
TAGTATGAAT GGC ACCA CGAGGG-TTAC 
TAGTATGAAT GGC A»CA CGAOGO-TTAd 
T/W3TATGAAT GGC aIcA CGAGGG-TTaI 
TAGTATGAAT GGC ACCA CGAGGCSGTTAC 
TAGTATGAAT GGC ATCA CGAGGG-TTCC 
TAGTATGAAT GGC ATCA CGAGGG-TTAC 
TAGTATGAAT GGC ATCA CGAAGG-TTAT 
TAGTATGAAT GGC ACCA CGAOGG-TTAT 
T/W3TATGAAC GGC ACCA CGAGGG-TTAT 
TAGTATGAAT GGC ACCA CGAGGG-TTAT 
TAGTATGAAT GGC ACCA CGAGGG-TGGT 


ACCGTC 

ACOGTC 

ACCGTC 

ACCGTC 

ACCGTC 

ACCGTC 

ACCGTC 


TNA AC 
/CME AC 
XLA AC 
RCA AC 
HMA AC 
DAN GC 
DSL |C 
DBI Ic 
DBIeAC 
DSA AC 
DTR AC 
DLE AC 
DEB AC 
DEL AC 
DMI AC 
DMR AC 


AGTGAAACTGATCTTC 
AGTGA/UCCT/UVTCTCC 
CATTAAACTGA-C-CT 
AGTGAAACTGATCTCC 
AGTAAAACTAATCTTC 
AATGAAACT6ATCTCC 
AAT|AAACTGATCT|C 
/CAll/C/CACTGATCrrlc 
/CAT/UUkACTGATCTTC 
AATGAAACTGATCrrTC 
AATGA/iACTAATCTCC 
/^TGAAACTAATCCCC 
/VATGAAACTGATCrrCC 
/CATGAAACTGATTTTC 
AATGAAACTGATCTCC 
AATGAAACTGATCrrCC 


CTGTT CAAAAG CAOGA 
CCGTG CAGAAG CX3C3GA 
CCGTG CAGAGG CX3C3GG 
CCGTG AAGAAG CGC3GQ 
CCGTG AAGAAG OGOGA 
CCGTG AAGAAG CGGGA 
CCGTG AAGAAG CGC3Gd 
CCGTG /CAGAAG CGCX/I 
CCGTG /CAGAAG CGGGA 
CCGTG AAGAAG CGGGA 
CCGTG AAGAAG CGGGG 
CCGTG /CAGAAG CGGGG 
CCGTG /CAGAAG CGGGG 
CCGTG /CAGAAG CGGGG 
CCGTG AAGAAG CGGGG 
CCGTG AAGAAG OGOGG 


AT/C/C/CAAT GTJC/CGAOG PAPAGA CCCTATGG/CACTT T AGACA 
ATGATACC AT/C/CGAOG /CG/C/CGA CCCTATGG/CGCTT T /C/CATT 
AT/VG/CACC ATAG/CACG /CGA/CG- CCCTATGG/CGCTT T /C/CACT 
ATTATAAT ATAAGACG AGAAGA CCCCATGGAGCTT T AAACT 
ATATTACT AT/CAGACG AGAAGA CCCTATOGAGCTT T APACA 
ATAAATAT ATAAGACG AGAAGA CCCTATGGAGCTT T AAACT 
AT|AT|rr ATMAGACG AGJCAGA CCCTATGGAGCTT | AAACT 
AtIatHt AtIaGACG /CGAAGA CCCTATGGAGCTT I AAACT 
ATTAT/CAT ATT/CGAOG /CG/C/CGA CCCTATGGAGCTT C /CAACT 
ATCTTAAT ATTAGACG AGAAGA CCCTATOGAGCTT C AAACT 
ATATGTAT AT/CAGACG AG/CAGA CCCTATGG/CGCTT C AAACT 
ATTAAAAT ATAAGACG AGAAGA CCCTATGGAGCTT C AAACT 
AT/CAGACT ATCAGACG AGAAGA CCCTATGGAGCTT C APACA 
ATA--CAT AT/CAGACG /CG/CAGA CCCTATGG/CGCTT C PAACC 
ATATAATT ATAAGACG AGAAGA CCCTATGGAGCTT T AAACC 
ATAAAAAT ATAAGACG AGAAGA CCCTATGGAGCTT C AAATC 


TTACTT/CACTAT/CATTTT - ATAT - TATCC - T/CA - GGGAPAA- CC - TTATAC - TTTTATATA 
A/CAG/CACTGCC/C/CGTTGA-ACCT-/CACCCAT/CA-OG/C/CAT/CAC/CATT/CAACA/CGC/CG/C/CAC 

AATTAACACTTGCT - OCCTAAGAT/CACTTTTCCAGAAACAC/CACACACAOCATAO - CATOA 
ACAATAGCAACGACTTATATTTT-CTTAAATTTCCGAATAACAGTATTTATTTTAACCGTA 


TC CTTTTTC T 
TC CTTTTTC ■ 
TC CTTTTTC I 
TC CTTTTTC C 
TC CTTTTTC C 
TC CTTTTTC T 
TC CTTTTTC T 
TC CTTTTTC T 
TC CTTTTCC C 
TC CTTTTTC C 
TC CTTTCTC C 


ATAT/U3CACTGACTTTTACACTT-TACTCTT-CTGAG-TCCTACACTTATTCTGCTCTTTT 
/UUVTAOCACTOGCTTT-TTTCTCACACACCCCCTOOGATCCTACACTTATTCTAOCC-TTC 
ATTT/vaCACTGGCTTT-ATATAT-CCCTACTTCAGAGTTCTTACACTTATTCTAGCC-TCT 
ATATAACACTGGCTTT/VATCCAT-TTATTCCACAOGGTTCTCATGTTAACTCTAGCCTTTT 
ACATAGCAATGGCTTATTTACCTATATAATTTCAGAATACCTATACTTATCTT/W3CCTTTT 

/UVAT/«3CATCGGC CATACCT - T/VATATTTT/IA - TCAAT/UVCTTTTATTATCGCCCTCT 

ATGTAACACTGGCTTAAACATTA-AAATATTCCAGAATTTTCATAACTACTCTAGCCACTA 
ATAGGGCACTGACTTACCAATTA-TAAAGTTTCAGAACATTAATAACTATTCTAGTCAGAA 


ATGATCCA CATCT TT AGTTC 
TTAATAAA AATTT TA GGTTC 
TGACCT/Ul /VGTTT TC GGTTC 
TGTATGCrr AGTTT TA GGTTC 
TGATTAAT AGTTT TC GATTC 
TG-CTATC AGTTT TA GGTTC 
■OACTABT AGTTT T| GGTTC 
loACTAlr AGTTT t1 GGTTC 
iTCSACTATT A(3TTT TG <3GTTC 
TGACTATT AATTT TG GGTTC 
TGACrr/UlT AC5TTT TA GGTTC 
-GATTATT /W3TTT TG GGTTC 
-GACTTATT /VGTTT TG GGTTC 
-CSACrrATT AC3TTT TA GGTTC 
TOATTACT AGTTT TA GGTTC 
TOCCTOTA OATTT TA OGTTC 


CGACT GCOOAO AACAAAAATCC TCCGTQ A TAT .CTACTAAATTACACAAAACT/UVOTACCAAGACACT-THl A-A CAC 

CGACC ACOG/^ TAAAGAAAAAC TTCCGA G ATG - --AGATTTATAGAAGGACACTTCACAAAATAGAAAAA.TGT AAC 

CGACC ACOGAG /UVTAAAAAATC CTCCTT G PAG fcATAGCSGCCTACCACCCTTTCACCAAGAACCACCATTCTAAGTAACAAAATTTATaa CTA TPJ 
GGACC ACGGAG TATAATT/CAAC CTCCAT A ACA r--AATG<3GCT/kACACX:CTTATCTACC3AGATACA(X:TCTAAG/CATrACTAAAC-TAA TtST TT/ 
TGATC ACGGAG T/UUUUVAT/VAC CTCCJIT G CCG 
TGACC ACGGAG CAAAAATTAAC CTCCAT A ATG 
TGACC GCGGAG CAAA|ATT/UiC CTCCAT G ATG 
TGACC GCOOAO CAAaIaTTAAC CTCCAT 0 ATG 
TGACC GCGGAG C/iAAGATTAAC CTCCAT G ATG 
TGACC ACC5GAG T/^/WCATTAAC CTCCAC A ATG 
TGACC ACOGAG CA/UkAATTAAC CTCCAC G ATG 
TGACC GCGGAG CA/UUUVTTATC CTCCAT G ATG 
TGACC ACGGAG CA/UVACCT/mC CTCCAT G TTG 
TGACC GCGGAA CAAAAATTAAC CTCCAT G GTG 
TGACC ACGGAG CAAAACTTAAC CTCCAT 0 TTG 
TGACC GCGGAG AAAAAATTATC CTCCAC A TTG 


CTGATC 

TTX3ACC 

TTGATC 

ATGACC 

TTGACC 

TTGACC 

TTGACC 

TTGACC 

TTGACC 

TTGACC 

TTGACC 

TTGACC 

TTGACC 

TTGACC 

TTGACC 

TTGACC 


ATCAACGAACT 

ATCAACGAACC 

ATCAACGAACC 

ATGAATGAACC 

ATCAACGAACC 

AGCAACGAACC 

ABCAACGAACC 

aIcaacgaacc 

ACCAACGAACC 

AACAACGAACC 

AACAACGAACC 

/USCAACGAACC 

AGCAACGAACC 

AGCAACGAACC 

ATCAACGAACC 

ATCAACGAACC 


TAA- 

CCT- 

TAAT 

TACT 

T/AT 


-■AaAAAA|C|CTTTTGA|CCABAAC 

-IaIaaaaIcIcttttgaIccaIaac 


TNA AAOCTACCCTAGOG ATAACAG CGCAATCTTCTT ACA 
AME /^OTTACCCTAGOG AT/UICAO CGCAATCTTCTC CPA 
XLA /iAGTTACCCTAGQG ATAACAG CGCAATCCATTT CAA 
RCA AAGTTACCCTGGGG ATAACAG GGC/UVTCTACTT CAA 
HMA AAGTTACCCTAGGG ATAACAG CGCAATCCACTT CAA 
DAN AAGTTACCCTAGGG ATAACAG CGCAATCCATTT CAA 
DSL /iAOTTACCCTAGOG ATAACAG CGCAAT»CTT CAA 
DBI /AAGTTACCCTAGGG AT/AACAG CGCAAtHaCTT CAA 
DBIe/AAGTTACCCTAGGG ATAACAG CGC/AATCTACTT CAA 
DSA AAGTTACCCTAGGG ATAACAG CGCAATCCACTT CAA 
DTR AAOTTACCCTAGOO ATAACAG CGCAATCCACCT TAA 
DLE /VAOTTACCCTAGQG ATAACAG CGCAATCCACCC CAA 
DEB /AAGTTACCCTAGGG AT/AACAG CGC/AATCCACTT CAA 
DEL AAGTTACCCTAGGG AT/AACAG CGCAATCCACTT CAA 
DMI /A/W3TTACCCTAGGG AT/AACAG CGC/AATCCATTT TAA 
DMR /AAGTTACCCTAGGG AT/AACAG CGCAATCTATCT CAA 


GAC AAGAAGGTTTACG 
GAC GAGTAOGTTTACG 
GAC AAATOGGTTTACG 
GAC AAGTAGGTTTACG 
GAC AAGTGGGTTTACG 
GAC A/AATGGGTTTACG 
GAC AAGTOGOTTTACG 
GAC AAGTGGGTTTACG 
GAC AAGTGGGTTTACG 
GAC AAGTGGGTTTACG 
GAC AGGTOGOTTTACa 
GAC AGGTOGGTTTACG 
GAC AAGTGGGTTTACG 
GAC AAGTGGGTTTACG 
GAC AAATGGGTTTACG 
GAC /VGATAGGTTTACG 


ACCTCGATO 

ACCTCOATG 

ACCTCGATG 

ACCTCGATG 

ACCTCGATG 

ACCTCGATG 

ACCTCGATG 

ACCTCGATG 

ACCTCGATG 

ACCTCGATG 

ACCTCOATG 

ACCTCGATG 

ACCTCGATG 

ACCTCGATG 

ACCTCGATG 

ACCTCGATG 


TCAOGAT ATCCAGACAGTC 
TCAGGAC ACCCAAATOGTC 
TCAGOGC ATCCC/VGTGGTC 
TCAGGGT ATCCT/U3TGGTC 
TCAGGGT ATCCT/U3TGGTC 
TCAGGGT ATCCTAGTGGTC 
TCAGGGT ATCC|AOTOGTC 
TCAGGGT ATCcIaGTGGTC 
TCAGGGT ATCCT/U3TGGTC 
TCAGGGT ATCCCAGTGGTC 
TCAGGGT ATCCCAGTGGTC 
TCAGGGT ATCCCAGTGGTC 
TCAGGGT ATCCCAGTGGTC 
TCAGGGT ATCCTAGTGGTC 
TCAGGGT ATCCCAGTGGTC 


T/«3C 

CAOC 

CAGC 

CAGC 

CAGC 

CAGC 


:X3CTOTCACAOGT 

iOCTATTAAAGOT 

:X3CTACrrAAAGGT 

X3CTACTAATGGT 

:X3CTACT/UVCGGT 

:gctactaaaggt 

:X3CTACTAA»GOT 

:X3CTACTAAiGGT 


TGTTC 

TQTTC 

TGTTC 

TGTTC 

TGTTC 

TGTTC 


AACAA 

AACGA 

PACGA 

AACGA 

AACGA 

AACGA 

PACGA 

PACGA 


TTAAA 

TTAAA 

TTAAA 

TTA/VA 

TTAAA 

TTA/^ 

TTAAA 

TTAAA 


TCGTT 

TCGTT 

TCGTT 

TCGTT 

TCGTT 

TC(3TT 

TC(3TT 


gBccta 

GCCCCTA 

GCCCTTA 

GCCCCTA 

gcccx:ta 

GCCCCTA 

GCTCCTA 

GCCCCTA 

GCCCTTA 
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